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Abstract 

We present that there should exist a light strange-scalar meson k' , in ad- 
dition to the k(800), which has a mass around 1.1-1.2 GeV, a rather nar- 
row width, and couples strongly to k(800)ct(600) (Knirn) but weakly to Ktt, 
based upon the [7(12)-classification scheme of hadrons and BES II data on 
J/ip -► K*(892)°K+ir- decay. 



1 Introduction 

Recently, the existence of the light-scalar mesons, a(600) and k(800), has been 
confirmed by showing the presence of respective poles in the tttt ^' ^) and 
Ktt ^> 3) scattering amplitudes, in addition to results of Breit-Wigner fits 
to D- and J/^-decay data, respectively, from the E791 ^) and BES ^> ^) 
collaborations. However, the nature of these resonances, together with the 



/o(980) and ao(980), has been a long-standing problem in controversy, where it 
is not obvious how these light-scalar mesons are understood in terms of quarks 
and gluons in QCD. 

Here we focus on the strange scalar mesons and discuss the existence of 
an extra k' meson, in addition to the normal k(800), and their strong decay 
properties. 

2 Existence of the extra k! meson 

2.1 The C/(12)-classification scheme of hadrons 

The J7(12)-classification scheme of hadrons, ^' ^) which has a manifestly co- 
variant framework of U (12) sf x 0(3, generalized covariantly from nonrel- 
ativistic SU(6)sf x 0(3)l by boosts, separating the spin and space degrees 
of freedom, gives covariant quark representations for composite hadrons with 
definite Lorentz and chiral transformation properties. The [7(12)-classification 
scheme has a "static" unitary U (12) sf spin-flavor symmetry in the rest frame 
of hadrons, embedded in the covariant t/(12)-representation space, where U(12) 
has as its subgroups the pseudounitary homogeneous Lorentz group for Dirac 
spinors and unitary symmetry group for light-quark flavors, 



Since 



U(12) SF D U(4) D x U(3) F . 



U(12) SF D U(A) D x U(3) F , 
U(4) D D SU(2) P x SU(2) a , 



(1) 

(2a) 
(2b) 



the static U (12) sf symmetry includes both the nonrclativistic spin-flavor 
SU(6)sf and chiral U(3)l x U(3)r symmetry 1 as 

U(12) SF D SU(6) SF x SU(2) p , (3a) 
U(12) SF D U(3) L x U(3) R x SU(2) a , (3b) 

1 Hadron states are classified, aside from flavors, by the quantum numbers 
p, S, L, J, P, where p is the net quark p-spin concerning SU (2) p , S the ordinary 
net quark tr-spin, L the total quark orbital angular momentum, and J and P 
the total spin and parity of hadrons. 



where SU(2) p and SU(2) a are the Pauli-spin groups concerning the boosting 
and intrinsic spin rotation, respectively, of constituent quarks, being connected 
with decomposition of Dirac 7-matrices, 7 = pxa. This implies that the C/(12)- 
classification scheme is able to incorporate effectively, according to dynamical 
consequences of QCD, the effects of chiral symmetry and its spontaneous break- 
ing, essential for understanding of properties of the low-lying hadrons, into what 
is called a constituent quark model. 

In the C/(12)-classification scheme there are two light-scalar meson mul- 
tiplets, normal and extra with J PC = ++ and H , respectively, 

in the ground level (L = 0). These N- and i?-scalar multiplets are the chiral 
partners, respectively, of the N- and _E-pseudoscalar multiplets and they form 
linear representations of the U(3)l x U(3)r chiral symmetry. Concerning the 
strange scalar mesons, now we have two n mesons, k^ n \0 ++ ) and k( e \Q + ~). 
Note that the observed k(800) and missing k' are generally mixtures of them. ^) 

2.2 The BES II data 

The K + n~ mass spectrum in J/ip — > K* (892)° K + -k~ decay observed by the 
BES II experiment ^) is shown in fig.l where there seems to be a visible bump 
structure at 1.1-1.2 GeV. If this structure is attributed to the existence of a 
new Ktt resonance, its spin-parity will likely be + or 1 _ , since higher spins 
are unfavorable for such a low-mass state, and also its width is supposed to be 
narrow, judging from the data structure. 

We hereafter refer to the strange scalar meson mentioned above as the 
k'(1150). 2 

3 Strong decays of the k(800) and k'(1150) mesons 

We examine strong two-body decays of the k(800) and k'(1150) as mixtures of 
the k,( n ~) and in the J7(12)-classification scheme as follows: 

k(800) -> K + 7T (4) 

2 A recent lattice-QCD study on light-scalar mesons by the UKQCD collab- 
oration 

10) 

suggests that the ao(980) is predominantly a conventional qq state, 
while the k(800) is too light to be assigned to the qq state, which is expected 
to have a mass about 100-130 MeV heavier than the o (980). 




Figure 1: The K + ir invariant mass spectrum in J/xp — > K*(892)°K + ir decay 
from BES II. TTie darfc shaded histograms show contribution from the k(800). 



and 

k'(1150) -> K + tt, (5a) 

->K + r], (5b) 

-> k(800) + o-(600) [-► ATtttttt]. (5c) 

In the actual calculations of decay matrix elements we treat the strange mesons 
K, k and k' as quark-composite ns states, while ir, r\ and a as external local 
fields. 



3.1 Quark-pseudoscalar and quark-scalar couplings 

For the effective quark-pseudoscalar coupling inside hadrons we assume the two 
independent interactions of the forms 

9psq{—il5)q4'p for pseudoscalar type, (6a) 

9pvq("i75lti)qd^<j> p for pseudovector type. (6b) 

The effective quark-scalar coupling is simply related to the quark-pseudoscalar 
coupling, assuming the a meson is a chiral partner of the n meson in the linear 



representation of chiral symmetry, 3 and given as 



9p S qq(f>a, (7a) 
gpvqi^qd^a- (7b) 

Then the matrix elements for the pseudoscalar(7r, ^-emitted processes are gen- 
erally given by 

TO = T(f) + T£ > (8a) 

with 

> = g ps (W(v')(-i l5 4> p )W(v)iv ■ j)l { G P) (q 2 ) + cc, (8b) 
Tff = gpviWiv'X-^qMW^iv • 7 >4 P V) + cc, (8c) 

where WYu) and W(u') are the spin wave functions of initial- and final-state 
mesons, ') I^\q 2 ) a space-time part of the Lorcntz-invariant transition form 
factor, 4 v and v' the 4-velocities, q^ the momentum of emitted pseudoscalar 
mesons, and (• • • } means the trace taken over the spinor and flavor indices. 
The matrix elements for the cr-emitted processes are given likewise by 

T W =T ( S ) +T W ( 9a ) 

with 

T$ = g pa {W(v')(<i> a )W(v)iv • 7)4* V) + cc, (9b) 

T$ = g P v(W{v'){-i lliqix <f> a )W{v)iv ■ l)l { a\q 2 ) + cc. (9c) 

3.2 Evaluation of the coupling constants 

The coupling constants g ps and g pv were evaluated by Maeda et al.. 11) 
They calculated the D- wave/5*- wave amplitude ratio and width of &i(1235) — > 
<x>(782) + 7r decay and obtained the values g ps = 2.07 GcV and 

9pv — 14.0, using 

their experimental values D/S = 0.277 (±0.027) and T[ujtt] « T tot = 142 (±9) 
MeV 12 ) as input. 

3 Here we take chiral SU(2)l x SU(2)r as imposed symmetry. 

4 This is obtained from overlap integral of space-time wave functions for 
initial and final mesons. In the present analysis we simply take = I^p = 1, 
since initial and final mesons both belong to the ground-state (L — 0) multiplct 
in the U (12) sf x 0(3, ^-classification scheme. 



We now calculate the decay width of if * (892) — > K + n to see the validity 
of the present decay model and obtain a reasonable value of r[.KV] = 58 MeV, 
compared with the experimental value r[i^7r] sa r tot = 50.8 ± 0.9 MeV. 

12) 

3.3 Strong decay widths of the k(800) and «/(1150) 

Since the k(800) and k'(1150) are generally mixtures of and k^ e \ we 

introduce the mixing angle 9, which is the only free parameter in the present 
analysis, by 

|k(800)} = cos6 \ K ^)+sm6 \k^), (10a) 
|«'(1150)> = -sin0 \ K W) +cos0 |kW). (10b) 

Here we take the mixing angle 9 to be around —65° so that the k(800) has 
a width of several hundred MeV and the k'(1150) a rather narrow width, in 
conformity with their observed properties, r[/c(800)] = 550 ± 34 MeV 

12) 

and 

the BES II data mentioned above for the k'(1150). 

Using the mixing angle 9 = —65°, we evaluate the partial decay widths 
of the k(800) and k'(1150) for respective channels in the following. 

3.3.1 Decay of the k(800) 

If we take a mass of the k(800) to be 800 MeV, we obtain T[Kn] = 354 MeV 
for k(800) — > K + it. This is consistent, though somewhat small, with the 
experimental value T tot « T[Kir] = 550 ± 34 MeV. 

3.3.2 Decays of the k'(1150) 

We take tentatively 1150 MeV for a mass of the missing state k'(1150) and 
then obtain 

T[Ktt} = 18 MeV for k'(1150) -> K + tt, (11a) 
T[Krf\= 2 MeV for k'(1150) -> K + rj, (lib) 
r[na} = 30 MeV for «/(1150) -> k(800) + cr(600), (11c) 

where mass values of the k(800) and ct(600) are taken tentatively to be 600 
MeV and 350 MeV, respectively, and the singlet-octet mixing angle for the 



pseudoscalar mesons 77 and 7/ to be Op = —11.5°. From these partial decay 
widths we could estimate the total width to be 

T tot » T[Kn] + T[Krf\ + T[na] = 50 McV. (12) 

It may be worthwhile to mention that the dominant decay mode of the k'(1150) 
is not Ktt but k(800)ct(600) (Ktttttt), the Ktt branching ratio is T[KTr}/T tot « 
0.36, and therefore the k'(1150) is supposed not to be seen in the Ktt scattering 
processes. 5 

Here it goes without saying that the present treatment of the k(800) and 
cr (600) as narrow resonances is quite a rough approximation and the evaluated 
decay width to k(800)(t(600) does not really make sense. In practice we should 
perform a dynamical calculation of the decay chain k'(1150) — > k(800)<t(600) — ► 
Ktttttt, taking into account the effects of the broad k and a widths. 

4 Concluding Remarks 

We presented that there should exist an extra k' meson which has a mass around 
1.1-1.2 GeV, a rather narrow width, and couples strongly to k(800)ct(600) 
(Ktttttt) but weakly to Ktt, based upon the [/(12)-classification scheme and 
BES II data. 

The strong coupling to k(800)(t(600) suggests that to observe the k' meson 
experimentally it might be favorable to study the Ktttttt system, for example, 
in J/tp — > K* (892) (Ktttttt) decay and e+e~ — > K* (892) (Ktttttt) processes. 
However, if the main component of k! is k^ e \0^ ), as is in the present analysis 
(taking 6 = —65° in cq.lOb), the «/ production in these processes 6 would 
be suppressed by charge-conjugation (C) invariancc in the limit of SU{2i)j 
symmetry. 

14) 

Rather, the XcO.1,2 — * K* (892) (Kmrn) decay processes would 
be more promising, since they are C-parity allowed decays in the SU(3) / limit. 

5 This is consistent with experimental data 

13) 

on the 5-wave phase of the 
Ktt scattering amplitude displaying no typical resonance-like behavior around 
the energy region 1.1-1.2 GeV. 

6 The J /ip and virtual photon from e + e~ annihilation have negative C parity. 
The k'(1150) production in the J ftp K*(892)°K + tt~ decay process is doubly 
suppressed by C invariancc in the SU(3)f limit and its small Ktt branching 
ratio. This suppression coincides with the experimental data of quite small 
production of the k'(1150) compared to the k(800), as is seen in fig. 1 . 



In a future study it is necessary to calculate dynamically the decay k' — ► 
k(800)(t(600) — ► Kiririr in order to obtain a more realistic decay width and also 
to make the present decay model more effective by examining various strong 
decay processes. 
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